The mineral industry is expanding fast coinciding with the increase in demands. The depleting land-based minerals has led to the seeking of mineral resources especially from deep sea. Deep seabed minerals have high concentration of precious metal in comparison to land-based minerals. A lot of countries have started to explore and exploit the deep seabed minerals. Thus, it is necessary for Malaysia to commence on deep seabed mining exploration to reap its economic and technological benefits. Similarly, like land mining, the marine environment will face environmental degradation from deep seabed mining exploration. Being a State-party to the United Nations Convention on the Law of the Sea 1982 (UNCLOS 1982) and Convention of Biological Diversity 1994 (CBD), Malaysia has yet to develop a set of policies, regulations and laws related to deep seabed mining to mitigate its effect to the marine environment coinciding to the requirements of these conventions. The purpose of this study is to explore the preparedness of Malaysia to embark on exploration of deep seabed mining in areas beyond the national jurisdiction while observing the effects of deep seabed mining to the marine environment. The challenges in exploring the deep seabed mining as well as the relevant international and national laws related to deep seabed mining will also be observed in this study.
Introduction
The oceans cover more than 70 percent of the surface of the Earth namely Pacific Ocean, Atlantic Ocean, Indian Ocean, Arctic Ocean and Southern Antarctic Ocean. Several geological processes occur in the oceans before the formation of mineral resources. There are vast quantities of marine minerals that can be found under the ocean such as the solid minerals comprising of gold, iron, rare earth elements, tins and the non-solid minerals including the fossil fuels, natural gas and petroleum.
The discovery of the high quality of minerals in the deep sea started in the late 19th century with the development of technologies that made possible for scientists to discover new mineral resources (Guntrip, 2003) . Seabed mining and deep seabed mining are two different types of mining activities. Seabed mining is a process which extract minerals and resources from the seafloor. It involves the extracting of solid and non-solid minerals as earlier mentioned. Meanwhile, deep seabed mining is a process which extract minerals at the deep seabed ocean. It only focusses on extracting the three main groups of minerals namely Polymetallic Nodules, Cobalt-Rich Ferromanganese Crusts and Polymetallic Sulphides (Markussen, 1994) .
Deep Seabed Mining
Deep seabed mining is a process of extracting minerals at the deep seabed ocean. Historically deep seabed minerals were said to be prospected and identified in the 1970s (Egorov, Elosta, Kudla, Shan, & Yang, 2012) when there was an urgency of finding new resources of minerals apart from the land-based minerals. Hein, Mizell, Koschinsky & Conrad (2013) stated that deep seabed mining has potential benefits compared to land mining. The deep seabed mining will be a new resource to the mining minerals. The deep seabed minerals are different and better than the land-based minerals as they can cater the current high technological demands globally. As at August 2016, ISA has issued 25 licences for the exploration and exploitation of deep sea minerals to the governments and companies (ISA, 2016) . The 15-year contract allow for mineral prospecting on over 2 million square kilometres of seabed in the Areas (Schmidt, 2015) . Each area is limited up to 150,000 square kilometres. The top most countries that have been given licences to explore the deep seabed minerals are Russia, China, German, France, Republic of Korea and Japan.
Exploration and Exploitation Technique
The vast and unfamiliar environment of the deep sea ocean has made it difficult to be explored. Thus, the equipment and techniques of the exploration and exploitation of deep seabed minerals must be done by using high technology ships and machines.
Exploration
The deep seabed minerals can be explored and detected by remote sensing devices. This device will be send to the deep seabed to identify the depth and features of the seabed ocean by using the sound to assemble the data. Then, the sound data will be translated into a readable data. The exploration of deep seabed minerals will also need a machine called remotely operated vehicle (ROV). The video camera attached to the ROV will document the environment of the seabed. Couper (as cited in Warner, 2006) stated that the sunlight cannot penetrate through the ocean deeper than 200 metres of water depth. Naturally, in the deep seabed ocean only a little or no light at all can penetrate their depth. Therefore, a special light enhancing electronic is required to penetrate the dark environment deep in the ocean. With these equipment, the deep seabed minerals can be explored and detected for further exploitation.
Exploitation
The deep seabed mining process has no major differences compared to the land mining process except for the seabed mining process that must be carried out under water (ISA, n.d.-b). Allsopp et al. (2013) stated that basically, all seabed mining process will use the same techniques and methods. They include the process of extracting, lifting and processing the minerals. The minerals found on the deep seabed will be extracted or cut from the deep seabed using the mechanical or pressurised water drills. Then, they will be gathered and separated from the sediments. The lifting machine which probably will be using bucket, riser or pump techniques that will lift up the minerals to the surface of the sea and right into ship. On the ship, the extracted minerals will be processed by selecting the solid minerals which are marketable and will be compacted and stored. The selected minerals will then be transferred to the other ship and will be brought to the land for further process (Dyment et al., 2014) .
Effects of Deep Seabed Mining to The Marine Environment
The effects of deep seabed mining to the marine environment had been researched since 1970s by several institutions namely the National Oceanic and Atmospheric Administration of the US, the German Ministry of Research and Technology and Japan's Metal Mining Agency (Markussen, 1994) . The ISA has further conducted the research after its establishment in 1994 (Warner, 2006) . Based on the research conducted, deep seabed mining can lead to several possible environmental effects to the marine environment.
Water Pollution and Destruction of Habitat
One of the possible effects is the water pollution. The water quality will degrade as a result of oil spills, hydraulic fluid leaks, or the ore spills during the extracting, lifting and processing the minerals. This might be ass.ccsenet.org
Asian Social Science Vol. 13, No. 2; 2017 worse if there is an unexpected accident that might occur during those processes. Equipment malfunction might also contribute to the water pollution (Birney et al., 2006) . For example, if the lifting machine is not working, the ores that are being lifted will be lost to the seafloor. Thus, the sediment plumes will adversely impact the water quality near the seafloor (Hunter & Taylor, 2013) . These sediments will eventually smother the living organisms and destroy the habitat on the seafloor (Warner, 2016) .
Apart from that, during the process of processing the minerals at the production support vessel, the minerals that are mixed with the seawater will be treated with different salinity and chemicals. The vessel during the process will then discharge the chemical water and sediments to the ocean and thus adding the possible impacts to the marine ecosystems (Mahapatra, 2014) .
Besides, the habitat destruction will occur due to the machines used during the mining activities. The huge machines that are used to identify and extract the minerals will eventually cut and destroy the habitat on the seafloor.
Vibration, Light and Noise pollution
Levinton (as cited by Warner (2006) ) in his book stated that the depth of seabed throughout the oceans varies which mainly started at the water depth of 200 metres and can be up to 11,000 metres. Deep seabed area is the deepest layer of the ocean. In this area, the living organisms livein darkness as the lights from the sun can only penetrate up to this level. Mining process will introduce light to the deep ocean. The lights from the machines will affect the feeding and reproductive behaviours of the deep ocean living organisms (Mahapatra, 2014) .
During the exploration, the operating machines can transmit noises and vibrations in the ocean. The noises and vibrations can cause disturbance to the living organisms in the ocean. Living organisms such as whales and dolphins will suffer the most as they will lose communication signals between their species.
Deep Seabed Minerals as the New Mineral Resources
It is widely known that marine minerals are one of the major resources for mankind (Abdul, 2011) . Marine minerals can be divided into two categories which are solid minerals and non-solid minerals. The heavy metallic solid minerals consist of barium, chromium, gold, iron, rare earth elements, tins, thorium, tungsten and zirconium. The non-metals solid minerals include diamonds, lime, siliceous sand and gravel. The non-solid minerals comprise of fossil fuels from decay, natural gas and petroleum (ISA, n.d.-a). Since land-based minerals resources are depleting, the world is now exploring for new mineral resources. (Sterk & Stein, 2015) . Deep seabed minerals are seen to be one of the new resources that can cater the worldwide demand on minerals.
Malaysia is blessed with abundant of natural assets. It has once become the largest producer and exploiter of land-based minerals such as tin and tropical timber in 1970s. Apart from that, Malaysia is also an active player in oil and natural gas industry, as well as other agricultural product such as natural rubber, palm oil, pepper, cocoa and marine fish (Vincent, 1997 ). Malaysia's source of income had depended largely on these resources especially the oil and natural gas (Othman & Jafari, 2012) . However, the land-based mining industry had become stagnant as the tin market had crashed in 1980s and due to lack of exploration and development of the land-based minerals (Lee, 2013) . This has caused the country to focus more on the oil & gas (O&G) industry.
The oil & gas (O&G) industry in Malaysia has contributed up to 40% to the country's total revenues in terms of dividends, royalties and taxes. It has played a crucial role in the Malaysian economic development since the late 1980s (Othman & Jafari, 2012) . Nevertheless, the source of oil & gas is depleting due to the impact of the production since the late 1980s (Lee, 2013) . It is to be expected that in 30 years, the oil & gas resources will be depleted (Mavani, 2012) . A resource-rich country must substitute the depleting resources with the other new natural resources to maintain or increase their economic development (Vincent, 1997) .
Malaysia aims to be a high-technology country. Thus, it is essential to have a continuous supply of minerals.
With the depletion of land-based minerals, minerals found in the deep sea should be explored and mined. By embarking on the deep seabed mining, Malaysia will have the opportunity to seek new exploitable resources and establishes deep sea industry. In addition, Malaysia will be able to develop deep sea technology, geoscience, resource investigation, exploitation and processing technology as well as establishes the offshore support services (Aai, 2013).
Preparedness of Malaysia to Embark on Deep Seabed Mining

Procedures to Explore DSM
The ISA has established several rules, regulations and procedures to regulate the prospecting, exploration and exploitation activities of the deep seabed mining. These rules, regulations and procedures which is in accordance In the Mining Code, there are several procedures that need to be fulfilled by the contractors before they embark on the exploration and exploitation of deep seabed minerals. The contractors must apply for approval plans of work for exploration in the form of contract that has been prescribed in the Regulations. However, before the contractor drafts the 15-year plan of work, they must first identify which type of the deep seabed minerals and which part of the Area they want to explore.
In the plan of work, the applicant must include the specific and sufficient information of the financial and technical capabilities of carrying out the proposed plan of work. This is crucial as the ISA will determine the capability of the contractor to fulfil the financial obligations to the Authority during the period of 15 years of the contract.
Apart from that, the applicant must include a general description and schedule of the proposed plan of work. The data and information cover the programme of activities for the first five-year period, the research and studies that will be done in respect to the marine environment, possible impacts of the exploration activities to the marine environment, proposed measures for the prevention and control of the potential environmental impacts. The technical, economic and other related factors should also be considered in the exploration. If the executive body of the ISA approves the plan of work, the ISA will grant the applicant the contract to explore and the contractor then shall start their exploration at the designated Area.
These procedures need to be done by the contractor before they embark on the deep seabed mining exploration. Therefore, if Malaysia want to explore the deep seabed mining activities, Malaysia must first identify which type of minerals and which Area do they want to explore. Apart from that, Malaysia have to ensure the financial and technical capabilities to embark on the exploration. A detail plan of work must be done before applying for the contract of exploration.
The Duty to Enact DSM Laws
All States have the responsibility to ensure that activities which are under their control and jurisdiction do not ass.ccsenet.org Asian Social Science Vol. 13, No. 2; 2017 cause harm to the marine environment beyond the national jurisdiction (Anton, 2010 Many researchers have emphasised on how important it is to keep the marine environment safe especially in the deep seabed Area and the possible impacts of deep seabed mining to the marine environment. Marine scientists and environmental activists all around the world are concerned on how the deep seabed exploration and exploitation can give a major impact to the marine environment and to the world. However, the effects of deep seabed mining activities to the marine environment can be controlled if there are a set of legislations or rules with a proper mitigation measures to conserve and sustain the marine environment that govern these activities. This has been supported by a diamond mining company, Panda Marine in a magazine article by Burger (2014) where it claims that the environmental impact of deep seabed mining can be reduced if the mining activities were held responsibly and controlled.
One of the requirements for the States to explore the deep seabed mining is that the States must have a legislation with regards to the seabed mining which comply with the obligations established by the UNCLOS 1982 and ISA Mining Code. This has been stated in Article 139 under Part XI of UNCLOS 1982, Annex III of UNCLOS 1982 and the ITLOS Advisory Opinion 2011 where it can be summarised that the States must have certain national legislations with regard to seabed mining to ensure them to have an effective implementation and enforcement of administrative measures to conserve the marine environment. The explorer and exploiter of deep seabed minerals must apply precautionary approach while exploring and exploiting. Thus, by passing a certain set of rules and legislations on deep seabed mining, it will secure the explorer an exploiter to apply the best environmental practice. The legislations then must be read together with other international legislations such as the Convention on Biological Diversity 1992 (CBD 1992) in order to protect the marine biodiversity.
The number of contracts for exploration of deep seabed minerals seemed to be on the increasing trend. The deep seabed mining industry will emerge as a big industry as it is expected to be profitable to the exploiters. Malaysia has shown interest in joining the deep seabed mining exploration (Aai, 2015) . However, Malaysia has yet to propose a set of specialised legislations or regulations on deep seabed mining beyond its national jurisdiction. In fact, there is no law related to deep seabed mining enacted in Malaysia as yet except for the definition term of "seabed" in several legislations.
It is important for Malaysia to enact a set of rules and legislations related to deep seabed mining beyond its national jurisdiction. This is to show to the world that Malaysia is committed in protecting the marine environment while exploring the seabed ocean.
Related Mineral Mining Policies and Laws in Malaysia
Being a State-party to the UNCLOS1982, and CBD 1992, Malaysia has to develop a set of policies, regulations and laws related to the deep seabed mining to mitigate its effect to the marine environment as outlined by these two conventions. In conserving the marine environment during the exploration of deep seabed mining, a proper and effective policies, regulations and laws must be in place.
In Malaysia, there is no specific legislation on deep seabed mining that spells out the mitigation measures to protect or to minimize the impact of deep seabed mining to the marine environment. Currently there are several laws and policies in Malaysia that may be important and related to seabed mining. However, some of these laws and policies only mention about the seabed in the definition section which they define one of the sources of minerals come from seabed. Therefore, they are not the primary legislations that govern the deep seabed mining activity. The existing legislations and policies are listed in Table 3 .
If good and comprehensive laws were drafted to regulate the deep seabed mining, Malaysia could contribute with respect to sustainability of the environment in deep seabed mining industry. The marine ecosystems will be better protected and conserved. In drafting laws and policies on deep seabed mining, it is vital to analyse the impact of deep seabed mining on the marine environment. Related international and national policies, regulations and laws on deep seabed mining must be carefully studied. This Act came into force in August 1998. It is the primary legislation regarding mining activities. It defines the power of the Federal Government to govern matters pertaining the inspection, exploration and mining of minerals and other related issues.
2) Petroleum Mining Act 1966
This Act provides for the provision related to petroleum mining and other matters related. It governs the Malaysian oil and gas industry.
3) Petroleum Development Act 1974
It came into force after the development of the oil and gas industry in 1974. This Act gives the authority to Petroliam Nasional Berhad (PETRONAS), a government-linked company to exercise exclusive ownership right to the oil and gas resources in Malaysia.
4) Continental Shelf Act 1966
This Act which was amended in 2009 regulates the exploration and exploitation of its natural resources that includes the seabed and subsoil submarine areas. The area of continental shelf are areas beyond the territorial sea of Malaysia to a distance of 200 nautical miles.
5) Malaysian Maritime Enforcement Agency Act 2004
It came into force which gave the authority to the Malaysian Maritime Enforcement Agency to act as a 'coast guard' to ensure the safety and security of the Malaysian Maritime Zone (Ooi, 2007) .
6) Territorial Sea Act 2012
Provides for the breadth of the territorial sea of Malaysia up to a limit of 12 nautical miles as well as the regulations for matters related.
7) National Biodiversity Policy 1998
This policy aims to conserve the biodiversity of Malaysia and to ensure the sustainability of its components for the development of Malaysia's socio-economic activities.
8) National Mineral Policy 2
This policy was introduced in 2009 to enhance the mineral sector's role in the development of socio-economic of the country. Although this policy had encouraged the government to increase the mineral sector by discover mineral resources at the offshore, it is only limited to known resources and not a new and unknown resources (Aai, 2013).
Challenges to Explore
The challenges to explore the deep seabed mining can be in many forms. The lack of understanding of deep sea environment can lead to major problems. Deep sea area is a place which is full of mystery. It is not an area which the human is familiar with due to its depth. Since the exploration takes place at the deep sea, it requires a lot of data from the deep sea area. The knowledge of deep sea's environment and ecosystems are vital in providing best practices for the protection and safety to the marine environment. It is also fundamental in managing the deep ocean resources so that it can be enjoyed by the future generations.
However, the knowledge of the deep sea environment and ecosystems remain limited. This limitation is due to the expertise, financial and technological constraint. The deep sea exploration requires high end technological equipment, machines and ships. Apart from that, since the deep sea minerals are different in forms and nature, each of them require different mining techniques and equipment to cope with their particular habitat and environment (World Economic Forum, 2016 ). These will eventually lead to the extremely high cost exploration. According to Shailesh Nayak the secretary of Indian Ministry of Earth Sciences in 2014, the basic exploration will cost more than USD 89 million (RM 360 million) whereby the ships will cost around USD 29 million (RM 120 million) and the technologies will cost around USD 59 million (RM 241 million). The minerals that have been mined will then be processed at the process plant. The process include mixing, separating, packaging, transforming or changing the minerals before they are ready for the export market. The cost of these processes is estimated to be around USD 135 million (RM 544 million) (Mahapatra & Chakravartty, 2014) .
Apart from that, the exploration needs a huge commitment and efforts from all involved. The government, the stakeholders, researchers, legal and technical experts must sit together to develop a strategy in forming a good system in embarking the deep seabed exploration. In embarking the exploration, Malaysia will have to produce the legal and technical experts in handling the exploration. Apart from that, if Malaysia plans to collaborate or sponsor a company to explore, Malaysia will have to invest a huge amount of money. Besides, they have to prove in the 15-year plan of work, their financial is stable or else the application for the exploration contract will be not be considered by the ISA. Thus, Malaysia must have a strong economic plan as this will resolve the financial issues that will rise in embarking the exploration.
Conclusion
Malaysia is embarking on deep seabed mining exploration. However, many issues need to be resolved before Malaysia can consider to partake in deep seabed mining activities. These issues include the legal aspects, the impact on the environment, technology, and return to investment. Therefore, a special committee which comprises of researches, government and stakeholders including the affected populace should be established. This is vital as the decision to explore the deep seabed minerals is not simple. It involves a lot of effort, work and views from different perspectives.
Apart from that, many aspects of deep seabed mining have to be considered including financial implications and the role of the government as an ultimate regulator and administrator. Without the support from the government, this exploration plan will not be successful.
After the procedures to explore the deep seabed minerals has been fulfilled, then Malaysia have to establish its own deep seabed mining laws. It is essential to have comprehensive governance framework including policies and administrative measures to ensure effective implementation and enforcement particularly in matters related to the health of the marine environment.
If the plan is drafted thoroughly, and the technology and the financial issues can be resolved, only then would Malaysia be ready to embark on extensive deep seabed mining.
